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Abstract 
Combined with the surfactant solution on the nature and conditions of use, the feasibility that the surfactant solution blocks methane gas 
was analyzed theoretically and the mechanism that the surfactant solution blocks methane gas was explained. The screened surfactants 
were made the performance test and combination. We did a series of experiments about high-gas coal mine sample by using the FTA200 
dynamic contact angle analyzer and the self-developed gas desorption testing system. The results showed that the surface tension and 
contact angle significantly reduced and methane desorption capacity declined by 64.72%. We primarily concluded that it had a clear 
mechanism and marked experiment effect to use surfactant solution to block gas, which laid the foundation for a new way controlling the 
coal mine gas. 
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1. Introduction 
With the sustained and rapid development of China's national economy, the demand for coal grows rapidly. Meanwhile, 
with the increase of coal mining’s depth, high-gas coal mine, as well as coal and methane outburst mine, lead to coal mines’ 
gas prevention and control even more difficult. Therefore, innovative ideas and development in gas control technology are 
imperative. 
At the present time, the technology of using surfactants to reduce gas emission is not yet mature. At home and abroad, 
some scholars had done a lot of exploratory work which primarily focus on the synthesis and application of gas hydrate. In 
the 1960s, Germany's Ruhr mines area experimented that they added tackifier Relatian819, Relatian FS62 to water injection. 
In the 1970s, Poland, Germany, the former Soviet Union started to study this regard. Into the 1990s, various countries coal 
mining applied additives patented product of coal seam water injection which has reached dozens of species, among the 
more famous are: Stokopol C2475, KMP-60, Sintanol DT-7, DB and so on. In the domestic, a group of scholars, such as 
Wu Qiang of the Heilongjiang Institute of Technology, Li Jinping of Lanzhou University of Technology, have also done a 
lot of research work in this regard. The preliminary study concludes that [1]: gas hydrates could be high-density to absorb 
and fixed micromolecular gas such as methane gas, it could also absorb heat from the decomposition, thus help to curb gas 
emission. 
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2. Surfactant blocking mechanism 
Coal is a porous material, whose pore diameter is generally a few nanometres to several tens of nanometres. These pores 
formed complex pore network, and its pores can be seen as a series of cylindrical holes, which is the main channel of gas 
storage and release. These coal holes exist in different forms, thus the gas emission is actually methane gas in circular pores 
gradually flow from the high pressure to low pressure [2]. 
Theoretical analysis, the preliminary view that the surfactant solution to block the role of gas emission is mainly reflected 
in the following four aspects [2]: 
(1) Increase of attraction 
In theory, nature is always trying to maintain the total free energy minimization. In the case of two-phase system, if the 
presence of the interface leads to a higher free energy, this interface will spontaneously reduce to a minimum: two-phase 
tends to the greatest degree of separation within certain limits. If the conditions and composition of the system is changed, 
the energy position of the interface is also changed, hence it may produce a lower interfacial energy (surface tension), 
consequently, the complete separation time increases [3]. Therefore, by adding suitable surfactants in the water, we can 
minimize the surface tension of the solution, thereby, increase the mutual attraction of the solution and methane gas to 
prevent the emission intensity of the methane gas from the coal pore 
(2) Enhancement of solid-gas adsorption & coal body wettability 
In one phase or two phases, one or more components here local (interface) concentration is different from its original 
phase concentration. Generally when interface concentration is greater than body concentration, we call this positive 
adsorption, accordingly the concentration difference is called the surface excess concentration. Under normal circumstances, 
through the Gibbs adsorption formula, we can directly measure the interfacial tension to determine the surface excess 
concentration in the liquid system. 
In dilute solution, assume that the activity coefficient of the surfactant is roughly 1, the relationship between the surface 
excess concentration and the interfacial tension could be expressed as: 
 
C=-į/RTdlnc2                                                                                      (1) 
                                                                                
In the above formula: C- surface excess concentration; R - universal gas constant of surface active agents; T - 
temperature; c2- surfactant concentration. 
From the above formula We can see, with the reduction of the interfacial tension, the surface excess concentration is 
greatly improved, which shows that the surfactant solution significantly enhances the adhesive force of the solid 
surface[3,4]. The strong adsorption can provide strong support for the coal body moisture and infiltration and greatly 
improve the sealing effect of surfactant solution on the gas emission. 
(3) Reinforcement of capillary action 
When objects with a slight gap or a very small diameter thin tube (called capillary) contact with liquids, the liquids rise 
and descend along the gap or capillary, which we called capillary action (or capillarity). Typically, if the liquid can well wet 
the capillary wall, the fluid level will be concave, thus the capillary raises; if the liquid cannot wet the capillary wall, the 
capillary surface will be convex, that is, thus the capillary drops. 
After the surfactant solution humidifies coal body, capillary action will be generated in the pore structure of coal. When 
the solution acts on the coal particles, in the pore structure of coal, it will interact with the coal particles, in the micro it will 
be shown as the capillary rise [5], shown in Fig 1. 
 
 
Fig.1. Capillary action diagram. 
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In the methane gas and surfactant solution interface, due to hydrophobic basing, liquid interface molecules get pressure 
P2. Because of gas pressure, liquid interfacial molecular gets pressure P1 [6]. The interface is in equilibrium, it certainly has 
a P3 or p'  (also known as systolic blood pressure or capillary pressure) to balance interfacial pressure difference, p'  = 
P1-P2. Additional pressure generated by the surface of the liquid meniscus is the driving force of wetting. The formula is: 
rr
p LVSLSV
TJJJ cos2
 

 '                                                                              (2) 
In the above formula, ȖSV - solid surface tension which balanced the saturated steam of the surfactant, mN / m; ȖSL - solid 
- liquid interfacial tension, contrary toȖSL, mN / m; r - coal pore radius, m; ȖLV - the liquid surface tension when the surfactant 
saturated steam  is balanced , mN / m; ș - contact angle of droplets on solids, °; ǻp - the driving force of wetting occurred, 
N/m2 or Pa. 
Obtained from above formula, when the solid has a high-energy surface, the wetting is easy. On the other hand, when ȖSL 
get smaller or 0 º  ș <90 ºǻp is positive, the wetting process is easy too. Conversely, when the solid surface is in low-
energy, liquid is water, namely ȖSL is higher, so the solid surface is hydrophobic, or ș> 90 º ǻp is negative, the wetting is 
hindered. Therefore, the wetting cannot occur spontaneously. 
After spraying the surfactant solution to the new mining coal and just exposure coal wall, the surfactant can wet coal 
body and penetrate into the coal within the pore better. At the same time, it can lower the solution surface tension and 
contact angle, which can improve the capillary force (driving force) ǻp of the solution, thus inhibiting methane emission 
from coal body. 
(4) Decrease in coal body temperature and methane desorption capacity 
Current study shows that: the amount of gas the coal adsorbed is inversely proportional to temperature. The temperature 
is increased by 1ć, coal gas adsorption capacity will be reduced by about 8%. Surfactant solutions can fully penetrate into 
the coal pore and wet coal body, hence they have a cooling effect on coal body, which will reduce the ability of the coal gas 
desorption. Therefore, the free gas content and gas pressure will be decreased, the power of gas flow will be weakened and 
the gas emission will be reduced accordingly [7]. 
3. Surfactant block gas experiment 
3.1. Selection of surfactants 
According to the wettability, dispersion, stability and other properties of the surface active agents, we finally selected six 
kinds (code-named R1-R6) surfactant as the main agents of this experiment. In order to improve the integrated effect of 
various surfactant solutions, after a large number of experiments, according to the type and dose, we selected the 
pharmaceutical and compounded, and then we got 58 kinds (code-named F1, 1- F10, 6) combination solution. 
3.2. Coal kind selection and analysis 
In this study, the selected coal samples were taken from high-gas coal mine, five coal samples were selected for the 
experiment. The coal samples were taken from: Luling mine, Kailuan Tangshan coal mine, Pingdingshan mine ten, Kailuan 
Zhaogezhuang mine and Xinlong-Hongling mine, and the five coal samples will be numbered from No. 1 to No.5. In order 
to theoretically analyze the possible blocking effect in each coal sample, we carried out the coal industry analysis for all 
coal samples, and the analysis results are shown in Table 1. 
Table 1. Industrial analysis of the five coal samples 
Coal samples 
Volatile Water 
Mad  % 
Ash 
Aad  % 
Fixed carbon 
FCad  % Vad  % Vdaf  % 
1 29.70 36.59 0.47 18.37 51.46 
2 19.41 21.51 0.24 9.56 70.8 
3 22.26 25.59 0.56 12.42 64.76 
4 23.03 40.87 0.58 43.07 33.32 
5 22.38 34.84 0.54 35.2 41.87 
 
From the results of analysis of the coal industry, the effects of the surfactant solution on No.1, No.4, No.5, should be 
better than No. 2, No. 3. 
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3.3. Experimental process 
By using FTA200 dynamic contact angle analyzer, in the experiments, we select hanging drop method to measure 
selected surfactants and compound surface tension, and the contact angle of solutions and coal samples. 
In the measurement, three measurement pressures were set for each coal samples: 0.3MPa, 0.5MPa and 0.7MPa, each 
pressure under the conditions of the experiment is divided into three groups: gas desorption intensity of the original coal 
samples, the coal sample gas desorption intensity after being sprayed water, the coal sample gas desorption intensity after 
being sprayed surfactant solution. Finally, by recording the MD-3 desorption indicator instrument water column pressure 
difference, we obtained the effects of the selected surfactant solution on blocking gas emission. 
4. Experimental results analysis 
4.1. Result analysis of surface tension determination 
After experimental measurement, the average and minimal value of surface tension of the six kinds surfactant monomer 
solutions were shown in Table 2, we can see the average and minimal value of the 10 complex solutions’ surface tension in 
Table 3. 
Table 2. Surfactant monomer solution surface tension statistics/mN•m-1 
Tension 
Solution 
R1 R2 R3 R4 R5 R6 
Mean 53.87 55.55 38.77 35.65 37.12 49.60 
Minimum 27.503 36.683 26.640 27.922 31.003 46.948 
Table 3. Surfactants of compound solution surface tension statistics /mN•m-1 
Tension 
Solution 
F1-F4 F5-F6 F7-F8 F9 F10 
Mean 32.70 35.32 31.82 30.78 35.68 
Minimum 26.769 31.472 27.411 27.477 29.293 
 
It can be seen from the table: the surface tension of the surfactant monomer solution, rarely drop below 30 mN•m-1, the 
maximum of the average value is 55.55 mN•m-1. And most complex surface tension is below 30 mN•m-1. Therefore, 
compound solution has a better performance. 
Comparison of performance of each surfactant compound solution was shown in Table 4. 
Table 4. Surfactant solution properties 
Solution category Minimum tension/mN•m-1 Solution ratio Better performance
F1 27.184 
2.00g(R1) + 0.20g(R5) F2 
F2 26.769 
F3 26.881 
F4 27.061 
F5 32.264 
0.10g(R2)+0.20g(R5) +1mL(Acetic acid) F6 
F6 31.472 
F7 27.411 
1.50g(R3) + 0.20g(R4) F7 
F8 29.392 
F9 27.477 1.50g(R3) + 0.2g(R5) F9 
F10 29.296 1.5g(R3) + 0.10g(R6) F10 
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From the solution performance measurement results, F2, F6, F7, F9 and F10, respectively, is the best in each group. But 
the minimum surface tension of F6 is 31.472 mN•m-1, which is relatively poor. Therefore, ultimately we determine the four 
combinations of the F2, F7, F9 F10 as the pharmaceutical for subsequent contact angle measurement experiment. 
4.2. Analysis of contact angle measurements 
Test shows that: four kinds of surfactants complex solution with the coal sample contact angle can be substantially 
reduced at different concentrations. By calculating, the decrease in contact angle of the surfactant solution and the coal 
sample (as opposed to water) are shown in Table 5. 
Table 5. Contact angle decrease amplitude (%) 
Concentration Pingdingshan Zhaogezhuag Tangshan mine Huaibei mine Hongling mine Sum 
F9-C1 86.2 66.5 84.5 84.1 85.2 406.4 
F9-C2 93.9  69.2  87.6  74.7 89.3 414.7 
F9-C3 94.0  84.8 89.7 86.0 88.1  442.6 
F7-C1 85.8 83.9 88.0 75.1 90.2 423.0 
F7-C2 89.4 91.2 79.0 75.5 92.4 427.4 
F7-C3 91.4 93.2  86.4 82.9 92.7  446.7 
F2-C1 67.9  79.5 75.4 80.0 83.3 386.0 
F2-C2 80.3 81.7 77.1 82.8 85.7 407.5 
F2-C3 75.9  89.4  85.7 90.1 82.1 423.2 
F10-C1 90.2 71.7 74.4  78.7  91.7 406.6 
F10-C2 84.3 82.4 87.4 84.2 86.8  425.1 
F10-C3 86.1 74.9 78.3 78.9  80.4 398.6 
 
For a more intuitive comparison of the contact angle changes, there were 5 kinds of coal samples with three kinds of 
active agent compound solution, so we made a line graph in Fig 2 about the total decrease in the contact angle of three 
concentrations. 
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Fig. 2. Surfactant solution effects on the contact angle. 
We can intuitively see from the figure: the best is F7 compound solution, while the optimum concentration is C3. 
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4.3. Gas blocking effect analysis 
According to the experimental measurement results, the effect of the surfactant solution on gas blocking is satisfactory, 
which was shown in Table 6 (compare with water). 
Table 6. Comparison of the surfactant solution effects 
 
 
Coal sample 
No. 1 No. 2 No. 3 No. 4 No. 5 
Testing pressure Desorption decreasing ratio 
Spray 
water  
0.3MPa 59.2 75.6 65.8 27.3 44.6 
0.5 MPa 25.0 75 67.7 24.7 16.9 
0.7 MPa 18.7 70.1 75 41.6 17.5 
Average 34.3 73.6 69.5 31.2 26.3 
Spray 
solution 
0.3 MPa 71.1 87.5 76.8 79.1 66.4 
0.5 MPa 49.1 80.7 70.5 52.3 38.7 
0.7 MPa 38.1 77.3 76.1 59.7 22.5 
Average 54.8 81.8 74.5 63.7 42.5 
Effects 11.5 8.2 5 32.5 16.2 
 
To see the experimental results more vivid, by comparing the surfactant solution with water, we made a line graph about 
the Average reduction of coal gas desorption in Fig.3. 
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Fig. 3. Surfactant and water to gas desorption. 
Based on the above comparison, we can conclude that gas desorption quantity of the coal sample which sprayed the 
surfactant solution was decreased significantly. Compared with the original coal samples, the gas desorption amount 
decreasing amplitude was at an average of 64.72%, meanwhile, the minimum decreasing rate reached 42.5%, thus the effect 
was quite obvious. Compared with the coal sample which sprayed pure water, the decreasing amplitude of gas desorption 
amount averages 14.7%. No.4 coal samples had the most outstanding effect, whose reduction was 32.5%. The effect of the 
solution on each coal-sample can be ordered as follows: No. 4> No. 5 > No.1 > No.3> No.2. It can be seen that the 
experimental results are fully consistent with the foregoing theoretical analysis. 
5. Conclusions 
On the basis of theoretical analysisˈthe surface tension and contact angle of six kinds of surfactant monomer and 58 
kinds of compound solution is measured with the FTA200 dynamic contact angle analytical instruments. Moreover, the gas 
desorption amount of the five representative high-gas coal mine coal samples is tested with the self-made gas desorption test 
system. Through in-depth analysis of the experimental results, we can draw the following conclusions: 
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(1) The selected surfactant complex solution can dramatically reduce the coal sample gas desorption amount, and the gas 
blocking effect is obvious. 
(2) The blocking effect of the surfactant complex solution is greatly different among different coal samples. This is 
directly related to the nature and ingredients of the coal samples. 
(3) Surface tension and contact angle are main parameters to measure the interface properties of the surfactant solution. 
Starting with the two parameters, the experimental results of the study is entirely consistent with the theoretical analysis. 
(4) Among the selected five coal samples in this experiment, the surfactant compound solution F7 has the best effect. F7 
is composed of two surfactants R3 and R4, and the ratio of R3 and R4 is 1:2. The best concentration should be slightly 
larger than or very close to the pharmaceutical CMC value. 
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